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. ^'^Sf^t^^ ac.d-sta..e 
.t has long btnlppreda teT^^^^^^^^ STn^T ' --^^^ the 

Kingdom Patent Number 1 Ml 4091 a t^ ' m ^"^^ '"P'"' adminiSn isT f ^^^P^enteral 
•njection or implantation yrsoiid hnH f'*^" Parenteral adminiitf!' ^''^"'P'e. United 

?"ch implantable deS has te''n^^ " ^"''-^^""a' 

rs implantable devices for ?rovidin^ pvt-^J'",'^- P^^'-^^'ar. it isTn'own that^fl''^ ^""^ ^ variety of 
biodegradable polymer S bvS-f^*"'^!'^ "^'"^ ^'^^^e may be obtS t il ""1"^ '^^S", suitable 

as the degradaU of t^;';jSrZ^ ""'"^ ^ ^'^^^^^SZ^^^ '''' '^^S ^ 
. Suitable biodegradaWe Sirf P^^eeds. ^° '^t the drug is released 

hydroxSrboSn? aS Tnd murr''- ""'^^'^^ ^"'^^ baJ™b'len ^s^" iJri'' ^" aqu;ous 
hydroxycarboxylic acids esSSalTv laL'^""'..''* directed ?o ESvmL*^'°-'^""^«<' 

acid, and copolymers there?!^ ji'^'' ^"^^ racemic and 0^1^ ^!^, 

In thisspec.frcationiT;m^S^^^^ and 1979. 3}, ^1^2^'"' Journal of 

envisaged, that fe, « ^2 at mamm»r'^ '^alSS fSiST^^^ «9nificantly 

^ United Kingdom Patent sS'i!°" ^."^^ ^mperature, sayZ Tj^c T^ "^"^ P«"p1 of use 
Specificatton Number 3:7?|?iofK^f-fwc'^"'"*'«^ '•325,209 (equLtent to n ^".'".'''^ '"P^hs. 
art known to us which S« any ^f^^'f,^^ ^^'^ P«ent 

mentioning insulin only but it onntl^! ^ extended or sustained relea^ ^ ""'V Prior 

polypeptides is apparentiv Intjf "° 'P^^'^o example of anv sueh^n!! . ^- P^'VPaPtides, the latter 

marn. different claSX'rug^'wte^^ 

therein. In fact, essential all of iL .u'*^^'*'^ '""^fPorated i 
polypeptides, are refaSS Craofowf • " ^'^"'8 ^'"^ «ferS ^ n Tha^^^oLi?^ 
disclosure of that specifiraLn d^^fiL^^^^ '^^""^^ and of relatively low mn?- ?''^"°"' ^P«« from 
seeWng to obtain saSSS^^ ^^'S^t' and the 

« '^"?&rppr»^ 

aartKSgTu&^^^^^^^ 

so Polypep^de Sm a SrtidTn'l ""'^ be d'StK; ^n? "'^ ^r^'^tion. although 

significant induction oeriSf w' •""'^T' <<escribed in the said 8^%. ,- «'ease of a 

initial period duriSS ^S^Z'^"'' "° P^'VPePt'deTs refetS o^^^^ by a 

polypeptide is released ^d^T- P^'^PfPf^e is released, a second ZZ^'^ ^'"' ^"'^ emprises an 
released. By contSTft TJ ^"^ '^"^"3 which most^f thL ^"""9 ^^'^h little or no 

55 polypeptides froS^icJ torn n^h,°', '■"^«"«on to IvWe com'; P^'VPeptide is 

released continuouT^ no'^^ ''i^ ^T"" * ^«'«''vely short InWaHn^^^^^^ acid-stable 
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5 excluding a c mpositi n in microcapsule forrcomSna .t^^^^^^^^^ fatleaston week; but 

occurring luteinising hormon relea^ hoTmleTrRm a svntltCir°'^''"''"!! ' "^»"^^"V 

type or synthetically prepared analogues of natCra t^Sm m rm ^^^^ °^ ^^'"e 

ante^.rp.uitarvg,and to affect the%,easeonuS^^^^^^ 

rr^^^^^^^>^>^^ rr^'' r^*^^^ .imitation as to 

ollowing list, which is not intended to be Lhau" .Ve is iStS of are relatively hydrophilic, and the 
•n the- formulation of this invention-- 0)o^S%aJr^ «^^^ 

epidermal growth factor {EGF) prolactin Mib^ri^ ^ff f'^^^ adrenocorticotrophic hormone (ACTH) 

end groups. poiyiactiae starts to degrade by hydrolysis, thus producing carboxylic acid 

the?arn?T«er^^^^^^^ 

environment may be mimicked by aqueous Ss oSlS, ZS^^T?'^ '"vestigations such an 
temperature of between 35 and 40X optionally buffered to a physiological pH, at a 

desir^d^otaTwIth'rroiy^^^^^^^^ 

sub-dermal surgical Implanaon fn co^venZTiTniS o^ subcutaneous injection, or by 

provS^SorS-^^^^^^^^^ 

[r.^ZeS.«~ 

weight and the molecular weight ranae of Doi»rt,c„I«i! f^''^'^^'^^ both the weight-average molecular 
molecular weight (MJ, to the^ nVS^^^^^^^^^^ of the welght-average 



45 



SO 



55 



60 



65 



f^rm^Sr;;^:ZK:pro^^^^^^^^^ oMhe geometry of a solid 

of such compositions are also conK " ^^Vl^ f^^^^^^ 

particular, there is less freedom of choice in deS^roar^^^^^ Polypeptide itself. In 

composition of the invention for a polypeptide Thiohmflpr^u mentioned above when designing a 
there is when designing a composition forTp JyoeSde of S 7'^"/' 

We have further discovered tha^^e rSaL ?f ^nnitn^r^^ 
polylactide and a polypeptide proceedrbv S^^^^^ ^'^"^ " composition comprising a 

diffusion-dependentrelL'eof Spepti^^^^^ "amely fir« a 

from the surface, and. for low mo'^ecular SSt poKot^^^^^^ 

polypeptide per se; and subsequently as thrDi^S^r K ' ^"'"8 partition-dependent diffusion of 
'°'TnC:«Tr " -"^^^^^^^^^ ''""^'"^ °' 

.owl='' viJi^ru^^^^^^ except in the case of 

fKiinarr^ts^^^^^^ 

limited compatibility of polypeptide in poMart d^ a oolvL^^^^^^ the polylactide. Because of this 

an aqueous environment, releases very liffSvAentthl'^J;!^^^^ formulation, when placed in 

this is broadly tnie for all combinaS pX^^^^^ 
high molecular weight polypeptides in K^olSr £rot L^^^^^ 

diffusion resulting in polyiptide release oct^^S iron olari^^^^ Even when some matrix 
environment, by release, from or very nearThe surface Vhi^^^^ ® composition in an aqueous 

polypeptide into polylactide is insufficient trrLul^rc!^JfnM.!,°" «*'""sion of 

composition to its surface. '""'"^"^ *° ^^^ult in c ntinu us transport of polyp ptide from inside-the 
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polypeptide solution. This aqueous polypeptide, obtained wh n absorbed water Is partitioned betw en 
polypeptide and polylactide, is incompatible with, and insoluble in, polylactides, particularly those of high 
molecular weight so that absorption of water by th composition still further reduces initially any 
Iikeliho d of matrix diffusion of polyp ptide out of the composition. If the aqueous domains of polypeptide 
5 ^ so formed ar discret and isolated, then the compositions ar incapabi of r leasing p lypeptide. 
However, the possibility of the aqueous polypeptide domains having some continuity increases with 
increasing concentration of polypeptide in the composition, and with increasing absorption of water and 
when the contmuity of aqueous polypeptide domains reaches a sufficient level to communicate with the 
exterior surface of the composition, polypeptide starts to be released from the formulation by diffusion not 
,0 through the polylactide matrix, but through aqueous polypeptide channels. Even when some aqueous 
polypeptide domains near the surface have extended so as to reach the exterior of the composition, that 
aqueous polypeptide which exists in still isolated domains is not released, and is only released when a 
secondary hydrophilic path for diffusion becomes available. For high molecular weight polylactides this 
secondaiy hydrophilic diffusion path arises when the polylactide has undergone sufficient degradation for 
rs the rate of absorption of water to increase significantly. When this occurs, aqueous pores or channels are 
' generated in the polylactide matrix, which allow a continuous and significant release of polypeptide as 
aqueous solution, from previously discrete and isolated domains. 

As indicated above, we have discovered that, when sustained release compositions of the prior art and 
particulariy those described in United Kingdom Patent Specification Number 1,325,209, are used for the 

20 release of polypeptides, the initial matrix diffusion phase of polypeptide release, and the secondary release 
of polypeptide consequent upon degradation of the polylactide, are separated in time with the result that 
the release of polypeptide is not continuous, but is biphasic and discontinuous, comprising a small first 
release of polypeptide, a dead phase during which essentially no polypeptide is released, and subsequent 
second release phase, during which substantially alt of the remaining polypeptide is released. We have 

25 now discovered that, by appropriate choice of the parameters of the composition, the matrix diffusion 
phase of release, and subsequent degradation induced phase of release, can be made to overlap in time. 

Thus, according to a funher feature of the invention there Is provided a pharmaceutical composition 
comprising a polylactide which.ts a polymer of lactic acid alone, a copolymer of lactic and glycolic acids a 
mixture of such polymers, a mixture of such copolymers or a mixture of such polymers and copolymers 

30 and an acid-stable polypeptide, which is not significantly hydrolysed under the conditions encountered 
wrthin the composition during the period of use envisaged, which composition, when placed in an aqueous 
physiological-type environment, exhibits two successive phases of release of the polypeptide, the first 
phase being released by matrix diffusion and the second phase being released consequent upon 
degradation of the polylactide, characterised in that the diffusion phase and the degradation-induced phase 

35 overiap in time, and release of polypeptide occurs over a period of at least one week; but excluding a 
composition in microcapsule form comprising at least one polypeptide which is a naturally occurring 
luteinising hormone releasing hormone (LH— RHI, a synthetically prepared material of the same type or 
synthetically prepared analogues of naturally occurring LH— RH which act in some manner on the anterior 
pituitary gland to affect the release of luteinising hormone (tH) and follicle stimulating hormone (FSH) 

40 The two phases can be made to overlap by either extending the initial diffusion phase, or maWng the 
degradation-induced phase commence eariier, or both. 

The initial matrix release phase is difficult to extend, but is sensitive to the concentration of the 
polypeptide in the matrix, and to a limited extent, to the nature of the polypeptide, especially its 
hydrophilictty. 

45 The degradation-induced release phase can be made to start sooner by appropriate choice of 
polylactide composition (more glycolide-rich polymer molecules, which degrade more quickly than 
lactide-rich molecules), (molecules of low molecular weight degrade more quickly to a level at which 
aqueous channels appear in the matrtxl, and polypeptide concentration (a higher polypeptide 
concentration allows more rapid absorption of water, and consequently more rapid generation of 

so continuous aqueous channels which facilitate polypeptide release). 

However, as well as requiring the degradation induced release phase to start eariier, it is also 
necessary to control the rate of polypeptide release during this phase, and to ensure that the total duration 
of this phase is sufficient for its intended clinical or veterinary purpose. One method of extending the 
duration of the degradation-induced release phase, is to use polylactides which contain lactide-rich 

55 molecules, which degrade more slowly than glycolide-rich molecules, or alternatively, polylactides 
containing molecules of high molecular weight which take longer to degrade to a level at which aqueous 
channels are formed, can be used. 

It is apparent therefore, that since glycolide-rich polymer molecules, and/or molecules of low 
molecular weight are preferred if the degradation phase Is to start quickly, and lactide-rich molecules, 

60 and/or molecules of high molecular weight are preferred if the degradation-induced release phase is to last 
for a sufficient period of time, preferred polylactides are those with a high degree of heterogeneity, in 
respect of glycolide-rich and lactide-rich molecules, or of high polydispersity. 

Alternatively, the same characteristics can be obtained by blending two or more different polylactides 
which differ in lactide/glycolide content and/or in M^. In addition, the blending of a minor proportion of 

55 polylactide of high with a polylactide f I w M^, confers d sirabi physical prop rties upon 
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period followed by continuous ISleas; -••«»sity=0.25), there was a short 

induction 

Medium molecular weight polypeptide. 

•'V weight of mouse epidermal growth 
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A.3. High m lecuiar weight p lypeptide 

A formulation was manufactured comprising 20% w/w of bovine prolactin, molecular weight 
^22,000, In a novel polylactide comprising equim lar proportions of D,Uactic acid and gtycolic 
acid units, and of low (inherent viscosity of a 1 g/100 ml soluti n in chloroform=0,11). As 
f xpected from previous experiments A.I.I., A.I. 2. and A.2., this formulation als released 

polypeptide continuously from Tp when tested t'n vivo in rats, and circulating bovine prolactin 
assayed by radio-immunoassay. 

Experiments A.1 . to A.3. thus demonstrate that reducing the molecular weight, M^, or viscosity 
of the polylactide used in the manufacture of a composition reduces the biphasicity of polypeptide 
jQ release, for polypeptides of low or medium molecular weight, or the initial delay in release of 

polypeptides of medium or high molecular weight, and achieves a continuous release of the 
polypeptide from T^. 

6. Ratio of lactide/glycolide in the polylactide 

;5 Compositions were manufactured in the form of implants containing 100 \xg (3% w/w) of the tuliberin 
analogue ICI. 118,630 in polylactides of M^-^SOO.OOO but of different lactide/glycolide ratios. All of these 
formulations when tested in vivo in adult female rats exhibiting normal oestrous behaviour, gave biphasic 
release of the polypeptide, comprising release for about 6 days post-treatment followed by a dead period, 
during which there was no significant polypeptide release. The length of this dead period decreased with 

20 decreasing lactide/glycolide ratio (L/GK as follows:— 



25 



UG 


Dead period (days) 


100/0 


no release 


75/25 


51 


• 67/33 


34 


50/50 


15 



This experiment thus indicates that a composition exhibiting a biphasic release of polypeptide can be 
improved in the direction of achieving continuous release by increasing the proportion of glycoltde to 
jg lactide in the polylactide used, up to about 50% glycolide. 

C. Ratio of polypeptide to polylactide 

Compositions in the form of implants were manufactured using different concentrations of the 
synthetic luliberin analogue, ICI.1 18,630, in a prior art 50/50 lactide/glycolide polylactide of M^'v2ao,000, 
^ and tested in vivo in rats as described above. At 5% and 10% w/w incorporation, the release of polypeptide 
was biphasic, but at 15% and 20% incorporation, the biphasicity disappeared. 

This experiment thus demonstrates that a polylactide of high molecular weight which gives biphasic 
release of polypeptide when the polypeptide is incorporated only at low levels, can be used to make 
satisfactory continuous release formulations if the proportion of polypeptide is increased sufficiently. 

0. Molecular weight distribution 

A solution of a polymer blend of wide molecular weight distribution (polydlspersity) was obtained by 
mixing solutions of a 50/50 O.L*lactide/glycolide polylactide of low M^, (reduced specific viscosity of a 1 
g/100 ml solution chloroform -0.1 15), (3 parts by weight) and a 50/50 D,L-lactide/glycolide polylactide of 
Mw=200.000, (imrinsic viscosity « 1.08), (1 part by weight). Tetragastrin (1 part by weight) was added, and 

so the mixture was cast to give a polylactide/tetragastrin composition containing 20% by weight of 
tetragastrin, and this was then moulded to give a slab 0.02 cm thick. The slab was placed in water at 37*C 
and the release of tetragastrin was found to be continuous from Tq, and to continue for at least 44 days. 

Polylactides of wide molecular weight distribution may be obtained either by mixing preformed 
polymers of different molecular weights, or by appropriate control of the polymerisation process in 

S5 generally known manner, and such polylactides confer important advantages, for example the lower 
molecular weight polylactide species allow an essentially immediate release of some polypeptide, while 
the higher molecular weight polylactide species both extend the release period and slow down the overall 
rate of release of the polypeptide. In addition, the blending of low and high fractions modifies the water 
absorption characteristics of the polylactide in a parallel manner. 

eo 

E. Thickness of the implant 

E.l. A solution of 10% by weight of tetragastrin in a polylactide comprising equimolar proportions of 
D,L-lactic acid and glycotic acid units, and of M^^IBOOO was cast into films 0.02, 0.06 and 0.12 cm 
thick. All three films showed continuous release of tetragastrin from T,,, and at 28 days, the three 
55 films had released respectively 85, 75 and 66% of their t tragastrin content. 
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E.2. The uptake of tritiated water fr m pH 7.4 buffer by slabs of polylactide comprising equimolar 
proportions of D,L-lacttc acid and glycolic acid units of 1^^-^200,000, and intrinsic viscosity =1.08 
and of thickness 0.02. 0.06, 0.12 and 0,20 cm was measured by removing such slabs from th buffer 
solution successively after varying times of immersion^ and measuring the tritium content by 
scintillation c unting. After 5 we ks, the differ nt thickness slabs had absorbed respectively 44, 20, 
15 and 11% by weight of water. 

These experiments show how the thickness of the implant can be used to control the 
absorption of water by, and thus the rate of release of polypeptide from, a composition of the 
invention, thicker implants reteasing the polypeptide more slowly than thinner ones. 

As indicated above the composition of the invention may be formulated as a solid composition for 
sub-dermal injection or implantation or as a liquid formulation for intramuscular or subcutaneous injection. 

Suitable solid compositions for sub-dermal injection or implantation are, for example, rods, spheres* 
films or pellets, and cylindrical rods which can be injected through a hypodermic needle or trochar are 
preferred. Such compositions are manufactured by conventional techniques which are well known in the 
pharmaceutical art. 

Preferred solid compositions of the invention, for polypeptides within different molecular weight 
ranges, are as shown in Table 1, and preferred compositions for specific polypeptides of particular interest 
are as shown in Table 2. Each entry in Tables 1 and 2 thus defines a further feature of this invention. 

TABLE 1 



No. 


Polypeptide 
M.W. 


Polylactide 
inherent 
viscosity* 


Glycotide 
Lactide 


% Poly, 
peptide 


Preferred 
% poly- 
peptide 


1. 


<2000 


>0.5 


0.5-3 


5-50 




2. 


<2000- . 


0.2—6.5 


0.2—3 


5-50 


10—30 


3. 


<2000 


<0.2 


Q-3 


0.1—50 




4. 


1500—10,000 


0.4—0.8 


0.5—3 


10-50 


20—50 


5. 


1500-10,000 


0.1&-0.4 


0.2—3 


5—30 


10—30 


6. 


1500—10,000 


<0.15 


0-3 


0.1—20 


1—20 


7. 


8000—30,000 


0.1&-0.4 


0-3 


0.1-^0 




8. 


8000—30.000 


0.1—0.15 


0.7—3 


10—50 




9. 


8000—30,000 


<0.1 


0—3 


0.1—50 





* dl/g (1 g per 100 ml in chloroform or dioxan) 
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TABLE 2 



20 







Polylactide 
inh rent 
viscosity* 


Glyc ltde 


% Poly- 
peptide 


No. 


Polypeptide 


Lactid 


10. 


Tetragastrin 


>0.5 


1—3 


5—50 


n. 


Tetragastrin 


0.2—0.5 


0.5-3 


5—50 


12. 


Tetragastrin 


<0.2 


0-3 


0.1—50 


13. 


101.118630 


>0.5 


0.8—3 


5—50 


14. 


ICI.1 18630 


0.2—0.5 


0.2—3 


5-50 


15. 


ICM 18630 


<0.2 


0-3 


0.1—50 


16. 


EGF 


0.4-0.8 


0.&-3 


10—50 


17. 


EGF 


0.1&-0.4 


0—3 


0.1—50 


18. 


Prolactin 


<0.15 


0-3 


0.1-^ 



25 

• dl/g {1 g per 100 ml in chloroform or dioxan). 

Also as indicated above, tbe composition of the invention may also be formulated as a suspension for 
injection. Such suspensions may be manufactured by general techniques well known in the pharmaceutical 

30 art for example by milling the polylactide/polypeptide mixture in an ultracentrifuge mill fitted with a 
suitable mesh screen, for example a 125 ^m (120) mesh, and suspending the milled, screened particles in a 
solvent for Injection, for example propylene glycol, water optionally with a conventional viscosity 
increasing or suspending agent oils or other known, suitable liquid vehicles for injection. 

The continuous release of ICI.1 18630 from a suspension composition of the invention was 

35 demonstrated by comparing the dioestrous behaviour of normal mature female rats dosed subcutaneously 
with either a propylene glycol suspension of particles milted to 120-mesh size and containing 3% by weight 
of IC1.1 18630 in a polylactide comprising equimolar proportions of D,L-lactic acid and glycolic acid units, 
and a M^^5240,000, (intrinsic viscosity* 1.361, or with a saline solution of 100, 200 or 300 |jig of ICL118630 
per animal. With the saline solutions, there was an immediate short period of dioestrus, but after 3 days 

40 post-dosing normal cyclicity was re-established. With the suspension composition of the invention, by 
contrast, the animals were substantially in dioestrus for about 40 days. Similar results were obtained with 
an injection formulation based on a mixture of 1% of ICt.1 18630 in a similar polylactide having an intrinsic 
viscosity of >0.5. 

Thus, according to a further feature of the invention there is provided a suspension formulation for 
45 injection comprising from 1 to 50% by weight of a solid formulation, which itself comprises from 0. 1 to 50% 
by weight of an acid*stable polypeptide which is not significantly hydrolysed under the conditions 
encountered within the composition during the period of use envisaged, and from 50 to 99.9% by weight of 
a polylactide wherein the ratio .of glycolide to tactide units is from 0 to 3 and which is either soluble in 
benzene and has an inherent viscosity (1 g/100 ml solution in benzene) of less than 0.5 dl/g or is insoluble in 
50 benzene and has an inherent viscosity (1 g/100 ml solution in chloroform or dioxan) of less than 4 dl/g, 
which solid formulation has been reduced to fine particle size, together with from 50 to 99% by weight of a 
liquid carrier suitable for injection into mammals. 

It is to be noted that, because of the reduced particle size of the polypeptide/polylactide in a suspension 
' for injection, certain solid formulations, which are not suitable for implantation, are rendered useful when 
S5 reduced to fine particle size and formulated as a suspension for injection. For example, the two particular 
suspension formulations referred to above both contain less 101.118,630 than has been found acceptable 
for implantable formulations, as shown in Tables 1 and 2 above. 

From the foregoing, it is clear that it is desirable to manufacture polylactides of a range of M^, 
particularly of low to medium in the range up to 60,000, and of high polydispersity 

60 



ss thes being particularly vafuabl in the c mpositi ns of this invention. Th prior art relating to polylactides 
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polydispersity in such copolym rs indeed, it i^n^^s ent n t^Tin^^^^ Tn^lL 1 ^'"9 '''9^' 

are generally of M« greater than about 30,000-60 000 (an inh fent J.li . " "'^ 

Pjydispersitv. du t their manufacture unde^aKr Sdr^? ^ 

Patent St b'e?i.?;?3Vj*^^^^^ -an,ple. United States 

Polymer, 20. 1459-M64 (197?) United I aSrPaS 1200-1800, and 

1,351.409 and Chemical Abstrate. S/^^Ss 'gH .^^^^^^^^^ "^"^^dom Patent Number 
Of about 35.000. co^esponding to 

cycrdir^ ;^t<SS argf^trd^To!^^^^^ conditions of the 
SSeTch^^i-^^^^^^^^^ 

cyclic dimer of glycolic acid is the mo7e Sc^v^under pofyme ^^^^^^^^^ °' ^" The 

copolymer molecules formed in the polymerisation a« o?«S ol'r- 1 ^ ^"'^ 

copolymer molecules formed are nrcLSKS S-ri,^ ?huf^„H ^^"f ^''"^"f al'y. the later 
glycolic acid of the desired high heterogeneiS P™'^"'='"9 "oPo'Ymer of lactic acid and 

" carri^roult^rgrprngSp^mTrS^^^^^^^^^ '^--^ range by 

acid containing water or of sX oThe Cwn cSai^^^^^^^^ 

knowledge in the polymer aT '*9"''^°^' accordance with the general 

barium compounds, or litharge, and sSo^ ^.SSe is^^^ "^^"^'"-^ °^ 

.of TtK'rS^^^^^^^^ conventiona. manner, 

them^^lleTS^thtte'S'^^^^^^^^^^ •'Vdroxy-acids 
process, suitable matrices for cominuous release oHol^S "k'^T'' ""^'"^ 

polylactides of different composTb?rmade Ty Jhis m?^^^^^ *f I"^*^ """""S «"ch 

method with one or more polyla«ides made b^rino oSn \ """^ ? Po'Vacnde made by this 

Certain ofthe polymers Lcri?e?irernIrfnoTelan^^^^^^ '^^^lic dimers. 

according to a further feature of the invention th^e^s toCwIdThtto,«^' ?^ invention. Thus 

25 to m% molar of lactic acid unitrand from 0 to S/^mnf^f ^^^^^^^ 
inherent viscosity {1 g/i00 ml solutK chte^fo^ g'vcol'c acid units, and which has an 

intrinsic viscosify^equS to oJ^teS thro^^^^ '^V'' *° ?^ ^^a" 0.09 and has an 

degree of heterogeneity. ?n re£^ of g?^^^^^^ "^^P PO'vmers with a high 

blends Of two or more different S)Kd4 Sfc^S^^ 

hereinbefore described. voiyiamaes which differ in lactide/glycolide content and/or M^, as 

deteSd'omrn^L^o^"^^^^^^^^^ - thi e. may be readily 

for example, deuterated dimethyl sulohoxide Z^h^Zr^Tl resonance spectrum of the copolymer in, 
prior art copolymerisation SSLdd aS?y<^olic acrX,m«^^^^^ 

carbonyl carbon, at 8=166.0-166 2 approxiSS an^^^^^^ S'vco'ic acid unit 

different _tely equally Prot^'^r^SaTon^^^^^^^^ 

»SSS;,Se?^^^^^^^^ 

the present invention, the sequei^M LGL S^nK t^^^ 

spectrum of the homogeneous cCS^ltmer applS"^^^^^^^^ °l J^P^blet signals in the 

heterogeneous copolymers, this 3^8^^? unit ra*n„Ji ? ^ TJ*"" *he spectrum of 

1. f.m' «'»» ">»'v™' » P'»fe'3«, r„ „„„lc ,D,U form, or in optlclly ,„,v. 
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cyclic dimer of glycolic acid, at elevated temperature in the pres nee of one of th above-mentioned 
polymerisation catalyst and in the presence of a chain stopping ag nt. 

A suitable chain stopping agent is. for xample, water, lactic acid, glycolic acid or other hydroxy acids, 
alcohols or carboxytic acids generally. 
s' Th inv ntion is illustrated but not limited by the following Pr parations and Examples:— 

Preparation 1 

Zinc oxide (16 g) was added to O.L.-iacttc acid (800 g} in a 2 1 3-neclced round bottom flask-equipped with 
a stirrer, a thermometer, and a distillation head connected to a water condenser. The mixture was stirred 

;o and heated to about ISS^C, at which temperature water started to distil oyer. Heating was continued for 8 h, 
during which time the temperature rose to about 190*C. When distillation of water ceased, the pressure was 
reduced, and distillation was continued until solid began to collect in the condenser. At this stage the water 
condenser was replaced by an air condenser, and the residue was cooled and then distilled under high 
vacuum 12.66—10,64 mbar (2—8 mm of mercury)), the fraction (about 300 g) distilling between 130 and 

;5 160X being collected, this being D,L-lactide (3,6 -dimethyl -1.4 -dioxan -2.5 -dione). the cyclic dimer of 
O.L-lactic acid. 

The crude D.L-tactide was crystallised from ethyl acetate (approxtmatey 600 ml) three times, and the 
recrystallised product was finally dried at 45°C under reduced pressure [2.66 mbar (2 mm of mercury)] for 
24—48 hours, after which it had m.p. 124— 125"^ 

20 

Preparation 2 

Glycolide (1.4-dioxan'2.5-dione), the cyclic dimer of glycolic acid, was prepared by the method 
described in Preparative Methods in Polymer Chemistry by W. R. Sorenson and T. W. Campbell, second 
edition, published by Interscience (1968), page 363. The crude glycolide was purified by three successive 
25 crystallisations from dry ethyl acetate, then dried at 45''C under reduced pressure (2.66—10.64 mbar (2—8 
mm of mercury)! for 24—48 h. m.p. 82— 84''C. 

Examples 1 to 13 

Polymers of D.L-lactide and glycolide were prepared as follows:— 

30 Pure dry OX-iactide (Preparation 1). pure dry glycolide (Preparation 2) totalling 42 g, commercial 
D.L-lacttc acid containing about 12% by weight of water, and 1 ml of an 8% by weight solution of stannous 
octanoate in hexane, were placed in a pre-dried glass tube. The hexane was evaporated under reduced 
pressure, and the tube was heated at 160'C for 6 hours with constant agitation if possible. The tube was 
cooled in powdered solid carbon dioxide, and the polylactide was removed, brolcen into small pieces and 

35 dissolved in chloroform (400ml). The chloroform solution was filtered, and the filtrate was poured into 
methanol (2 I) to precipitate the polylactide, which was filtered off and dried under vacuum at 40^C for 24 
hours, than at 80*^ for 24 hours. Ail the polylactides so produced were soluble in chloroform and dioxan, 
and polylactides 1 to 9 in the following Table were soluble in benzene, but polylactides 10 to 13 were 
insoluble in benzene. 

40 The following particular polylactides were prepared by this method: — 
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3S 
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Ex. 


OX 
(actide 
iU (g) 


Glycoltde 
(G) (g) 


UG Molar 
proportion 


D.L- 
iactic 
acid 


Intrinsic 
viscosity 
(dl/g) 


{appr X.) 


1 


42.0 


0 


100/0 


0 


1.385 


440,000 


2 


33.5 


9.0 


75/25 


0 


1.084 


400,000 


3 


32.4 


8.7 


75/25 


920 pi 


0.108* 


low 


4 


30.0 


12.1 


67/33 


0 


0,97 


370,000 


5 


30.0 


12.1 


67/33 


0 


0.94 


214,000 


6 


30.0 


12.1 


67/33 


30 0 


0.67 


107,000 


7 


30.0 


12.1 


67/33 


60 (il 


0.51 


63,000 


8 


30.0 


12.1 


67/33 


120 Ml 


0.37 


33.000 


9 


30.0 


12.1 


67/33 


920 Ml * 


0.121* 


tow 


10 


23.0 


18.5 


50/50 


0 


1.045 


300.000 


11 


23.0 


18.5 . 


50/50 


400 Ml 


0.25 


15,200 


12 


23.0 


18.5 


50/50 


920 M( 


0.126* 


low 


13 


23.0 


18.5 


50/50 


1380 Ml 


0.108* 


low 



45 



SO 



55 



60 



65 



M^are relative to polystyrene standard 

* are reduced specific viscosities of a 1 g/100 ml solution in chlofornr). 

Alternatively, the lactide, glycolide and lactic acid if present may be heated at 160*C and 0.08 g of 
stannous octanoate then added to initiate the polymerisation. 

Example 14 

A potylacttde comprising equi'moiar proportions of glycolic acid and 0,L-lactfc acid units, and having 
an intrinsic viscosity of 1.36 (50 mg) was dissolved in dioxan (1 mi), and 50 Ml of a solution of IC1.1 18630, 



lu-His-Trp-Ser-Tyr-D-Ser(0-tBu)-Leu-Arg-Pro-Azgly-NH2 



(233 mg per ml of the acetate salt, equivalent to 200 mg per ml of base) tn distilled water was added. The 
resultant hazy solution was cast as a film, the solvents were evaporated in a stream of nitrogen in the dark, 
and the film was dried at 4(fC under reduced pressure [0.027 mbar (0.02 mm of mercury)) for 48 hours. The 
mixture, containing '^17% by weight of iCI.1 18630 in the polylactide was homogenized by three successive 
compression mouldings at 1 10X for 10 seconds, and was finally compression moulded into implants 0.038 
cm thick, each weighing 1.5 mg and containing 309±7 M9 i'^17% by weight) of ICI.118630. 

The continuous release of ICL1 18630 from such implants was demonstrated by placing them in female 
rats exhibiting normal oestrous behaviour. After implantation, the rats went into a period of dioestrus. 
detected by the lack of corntfied vaginal smears, lasting from 31 to 40 days, thus indicating that ICI.1 18630 
was being continuously released during that period. 

The process described above was repeated, using 50 Ml of ICI.1 18630 acetate solution (150 mg of pure 
peptide per ml of water) and implants were made similariy, weighing 2 mg, containing 306±6 pg of 
ICI.118630 (13% by weight)^ and 0.038 cm in thickness. In the rat oestrus test described above, these 
implants released ICI.118630 continuously over a period of 30 to 38 days, as evidenced by the period of 
dioestrus in the rats. 

For use in human therapy, implants containing 1 to 100 mg of ICl 118630 (5—50% by weight), weighing 
2 mg — 1 g, and in the form of cylindrical rods suitable for implantation by trochar, were manufactured by 
the process described above. 

Example 15 

The process described in Example 14 was repealed, but using polylactides comprising equimolar 
proportions of D,L-Iactic acid and glycolic acid units, and having intrinsic viscosities of 0.33 and 0.25, 
instead of 1.36, to prepare implants containing 10% by weight of ICI.1 18630, weighing about 3 mg, and 0.08 
cm thick. 
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These implants were placed in female rats (5 per gr up) which, prior to implantation, exhibited regular 
oestrous behaviour. The implants prepared from polylactide of intrinsic viscosity 0.33 exhibited an 
induction p riod of 5 days f llowed by a dioestrus period of about 26 days; and the implants prepared from 
polylactide of intnnsic viscosity 0.25 exhibited an induction period of 3—4 days, followed by a dioestrus 
5 period f ab ut 25 days. 

Similar implants, but containing 20% by weight of ICI.1 18630 were prepared in the same way, and 
these exhibited a similar dioestrus period, but no induction period, in the rat test described above^ 

For use in human therapy, implants containing 1 to 100 mg of ICI.1 18630 (5—50% by weight), weighing 
2 mg— 1 g, and in the form of cylindrical rods suitable for implantation by trochar were manufactured 
1Q similarly. 

Example 16 

The process described in Example 14 was repeated, using a polylactide comprising equimolar 
proportions of 0,L*lacttc acid and glycolic acid units, and having intnnsic viscosity of 1.36, to prepare 
js mixtures of ICI.11863Q and polylactide containing 3% and 1% by weight of ICI.118630. The mixture was 
micronised at room temperature in an ultracentrifuge mill fitted with a 125 pm (120-mesh) screen, and the 
micronised particles were suspended in propylene glycol for injection at a concentration of 100 mg per ml. 

Female rats showing regular oestrous behaviour were injected subcutaneously with 0,1 ml of the 3% 
by weight propylene glycol suspension described above, or with 0.3 mi of the 1 % suspension. Both groups 
20 were monitored, by examining vaginal smears daily for comiftcation, and exhibited occasional cornified 
smears up to 20 to 24 days after dosing, followed by a clear dioestrus period up to days 38 to 42 after 
dosing, thus demonstrating continuous release of ICI.118630 over that period. 

Example 17 

25 TetragastHn hydrochloride, (Trp-Met-Asp-Phe-NHj * HCI), {200 mg) was dissolved in a mixture of 
dioxan (9 ml) and water (1 ml), and to the solution was added a polylactide as described in Example 1 1 (1.8 
g). The mixture was cast as a ftim, and the solvents were evaporated in a stream of nitrogen. The resulting 
film was dried under reduced, pressure (0.027 mbar (0.02 mm of mercury)! at 40''C for 48 hours, then 
homogenised by three successive compression mouldings at SOX for 10 seconds, and moulded to give 

30 ^fnis of thickness 0*02, 0.06 or 0.12 cm« each weighing about 80 mg. 

The release of tetragastrin was measured by placing a film in distilled water, removing a sample of the 
distilled water daily, replacing alt the remaining distilled water by fresh, and measuring the ultraviolet 
absorption of the daily samples at 277 nm. The following results were obtained, which demonstrated 
continuous release of tetragastrin from films of all three thicknesses:— 
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Time (days) 


Cumulative % tetragastrin released 


0.02 cm film 


0.06 cm film 


0.12 cm film 


1 


9.6 


5.6 


4.0 


4 


14.9 


10.5 


9.0 


7 


20.3 


13.9 


11.7 


9 


26.3 


17.7 


14.8 


11 


33.1 


22.6 


19.4 


14 


48.6 


33.2 


28.1 


17 


61.9 


45.9 


40.5 


21 


74.7 


59.8 


53.2 


24 


81.8 


68.1 


60.2 


28 


85.2 


74.9 


66.4 


31 


86.9 


77.7 


70.9 


36 


88.5 


82-5 


77.5 


39 


89.2 


85.1 


82.6 
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Example 18 

T tragastrin hydrochloride (40 mg) was dissolved in aqueous dioxan (1 :9 by volume), and added to a 
solution of: 

(a) a potytacttde comprising equimolar proportions of OX-lactic acid and glycolic acid units, and having 
5 a r duced specific viscosity f 0.115 (as a 1 g/100 ml solution in chloroform), i120 mg), and 

(b) a potytactide comprising equrmolar proportions of D,L-)actic acid and giycolic acid residues, and 
having an intrinsic viscosity of 1.08 (40 mg), in dioxan (2 ml). The mixed solutions were cast as a film, as 
descnbed in Example 14, and moulded as implants weighing about 50 mg, and 0.02 cm thick. 

The release of tetragastrin from these implants was measured by the procedure described in Example 
70 17, and the following results showing continuous release were obtained: — 



25 



40 



Time (days) 


Cumulative % tetragastrin 
released 


1 


0.6 


2 


1.0 


3 


1.6 


4 


2.7 


7 


8.6 


10 


17.2 


.14 


29.4 


18 


43.1 


23 


56.3 


28 


64.9 


32 


71.2 


36 


79.0 - 


39 


83.9 


44 


90.5 



46 Example 19 

A polylactide comprising equimolar proportions of 0,L'lactic acid and glycolic acid units, and having 
an inherent viscosity of 0.1 1 as a 1 g/100 ml solution in chloroform, (50 mg). was dissolved in dioxan (1 ml) 
and a solution of mouse epidermal growth factor (EGF, 0.05 mg) in water 0.05 ml) was added. The mixture 
was cast as a film on polytetrafluoroethylene cloth, and the solvent was removed in a stream of nitrogen in 
so the dark. The film was dried at 60**C, under reduced pressure [0.1 1 mbar (0.8 mm of mercury)] for 48 hours. 
The film was then compression moulded at 120^0 for 10 seconds to give implants 0.02 cm thick, weighing 
10 mg. 

The implants were each placed in a black vial at 37*0 with 1 ml of McHvain's buffer (pH 7,4), 
(Documenta Geigy, Scientific Tables, edited by K. Diem and C. Leutner, published by J. R. Geigy SA, Basle, 
55 Switzeriand, 7th Edition, 1970, page 280), containing 0.02% by weight of sodium azide. The buffer was 
removed daily, and replaced with fresh, and the EGF released into the buffer by the implant was measured 
by radio-immuno assay, which demonstrated that release started immediately, and continued for at least 2 
weeks releasing 100—200 ^g per day. 

$0 Example .20 

A polylactide comprising equimolar proportions of D,L-lactide and glycolide and having a reduced 
specific viscosity (1 g/100 ml solution in chloroform) of 0.1 1 , (400 mg), was dissolved in dioxan (2 ml), and a 
solution/suspension f bovine prolactin (100 mg) in distilled water (0.5 ml) was added, with vigorous 
agitation. The mixture was p ured onto a poiytetrafluoroethyien cloth, and dried, first in a stream of 
55 nitrogen and then under reduced pressure [0.013 mbar (0.01 mm of m rcury)) at 40°C for 24 hours. The 
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heterogeneous mixture thus obtained was homogenised by four succ ssive compression mouldings at 
and th n moulded into a slab 0.2 cm thick, from which implants weighing 60 mg were excised. 
The implants were placed subcutaneously into adult female rats, which were then periodically bled 
from the tail, and the prolactin in the bio d samples thus obtained was measur d by radioWmmune assay. 
A piac bo gr up, receiving no prolactin in the implant, was similarly assayed, and the lev is of circulating 
prolactin compared. The following results were obtained:— 
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Time 


Plasma level of bovine prolactin i\ig/mi) 


Placebo group 


Treatment group 


1 


0.38 


24.7 


2 


0.45 


105.9 


6 


0.54 


7.7 


9 


0.72 


17.8 


13 


0.52 


65.4 


16 


0.56 


89.7 


20 


0.75 


288 


23 


0.81 


142 


.26 


0.84 


562 


42 


1.25 


1250 



Example 21 

3S The process described in Examples 1 — 13 was repeated, except that the polylactide was dissolved in 
dioxan instead of in chloroform, and similar polylactides were obtained. 

Examples 22—29 

The process described in Examples 1—13 was repeated, except that the polylactide was dissolved in 
40 glacial acetic acid, and the glacial acetic acid solution thus obtained was added dropwise to methanol in 
order to precipitate the polylactide, which was filtered off and dried under vacuum at 40°C for 24 hours, 
then at SOX for 24 hours. 

The following particular polylactides were prepared by this method:— 
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Stannous 
octanoate 


a.a.a.£EEa-a. 
odd 


X 

^ 1 

-2 


13,500 
14,450 
16,800 
15,850 
14,200 
16,600 

16,200 


Intrinsic 
viscosity 


0.234 
0.243 
0.265 

0.239 
0.262 
0.09* 
0.260 


lactic 
acid 




UG Molar 
proportion 


50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
50/50 
100/0 


o ^ 

a"" 


26.7 
8.9 
8.9 
89.0 
89.0 
71.2 
17.8 




33.3 

11.1 

11.1 
111.0 
111.0 

88.8 i 

22.2 

20.0 
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Exampi 30 

A polylactide c mprising equimotar prop rttons of glycolic acid and D,L-tactic add units and having an 
* intrinsic viscosity of 0.25 was dissolved in glacial acetic acid, and the solution was freeze-dried. The freeze 
dried powder (540.7 mg) and IC1 1 18630 (142.1 mg) of the acetate salt (equival nt to >124 mg of base) were 
5 dissolved in 6.8 ml of ac tic anhydride-fre glacial acetic acid and fre z dried for 24 h. 

(The glacial acetic acid was refluxed for 2 h with 1 % water to remove the acetic anhydride): The freeze 
dried product was extruded under pressure at TOX to a 1 mm diameter rod, from which implants of the 
required weight were cut The Implants were dissolved in an appropriate solvent for example acetonitrile, 
and assayed for drug content and purity. Implants were shown to contain 16,1% w/w pure 118630 base. 
10 Release of 118630 was evaluated by immersing implants weighing approximately 10 mg in Mcll veins 
pH 7.4 buffer at 37°C. ICI 118630 was released continuously for at least 5 weeks. 

In a further experiment, implants weighing approximately 390 }ig, 860 \x% 1500 ^9* 3000 |ig and '^'6000 
Mg were implanted subcutaneously in groups of adult regulariy cycling female rats. In the 28 days 
following implantation, animals were essentially free of oestrus intervals showing that active drug was 
15 released continuously over this period. 

Example 31 

A solution of IC1 1 18630 acetate salt was prepared by dissolving 170.8 mg of IC1 1 18630 acetate in 5 ml 
of acetic anhydride-free glacial acetic acid. (The glacial acetic acid was fluxed for 2 h with 1% water to 

20 remove acetic anhydride). This solution was shown by high pressure liquid chromatography (HPLC), to 
contain 25.21 mg of ICI 118630 base per ml, 442.5 mg of polylactide (prepared as in Example 25 was 
dissolved in 4.5 ml of the acetic acid solution, and the resulting solution was freeze dried for 25 h. The 
freeze dried product was extruded under pressure at 74X to a 1 mm diameter rod, from which implants of 
the required weight were cut The implants were dissolved in an appropriate solvent such as acetonitrile, 

25 and the resulting solution was analysed by HPLC. The implants were shown to contain 20% wAa/ pure 
118630 base. 

Example 32 

A polylactide comprising equimolar proportions of D,L-lactic acid and glycolic acid units and having a 
50 reduced specific viscosity of 0.126 (1 g/100 ml solution in chloroform), (240 mg), was dissolved in glacial 
acetic acid (5 ml) and a solution of tetragastrin hydrochloride (60 mg) dissolved in glacial acetic acid (5 ml) 
was added with vigorous agitation. The solution was freeze dried for 24 h and the resultant solid was 
compression moulded at 50^ for 20 seconds to give implants 0.2 cm thick and weighing 35-40 mgs. 
The above procedure was repeated with the following polymers:— 
j5 (a) a polylactide comprising 67 mole % of D,L-lactic acid and 33 mole% glycolic acid units and having a 
reduced specific viscosity of 0.121 (1 g/100 mi solution in chloroform). 

(b) a polylactide comprising 75 mole % of D,L*ldctic acid and 25 mole % glycolic acid units and having a 
reduced specific viscosity of 0.108 (1 g/100 ml solution in chloroform). 

(c| a polylactide comprising 100% of D,L-lactic acid and having a reduced specific viscosity of O.tOO (1 
40 g/100 ml solution of chloroform). 

The release of tetragastrin from these implants was measured by the procedure described in Example 
17, and the following results were obtained: — 
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Cumulative % tetragastrin released 


Time 
(days) 


50% OX-lactide 
50% glycolide 


67% D,L-(acttde 
33% glycolide 


75% DX-lactide 
25% glycolide 


100% 0,L-iactide 
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6.0 


1.0 


1J 


1.9 
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12.9 


2.1 


32 


3.0 
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23.3 
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9 
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11 
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14,0 


17 
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These results show that continuous release of tetragastrin is obtained using low molecular weight 
55 poiytactides and that duration of release is determined by the composition of the hydrolyticaily unstable 
polyester. 

Example 33 

A polylactide comprising equimolar proportions of D,L-lactic acid and glycolic acid units and having an 
60 inherent viscosity of 0,126 (as a 1 g/100 mi solution in chloroform) (9.5 mg), was dissolved in distilled 
dioxan (0.25 ml) and a solution of mouse epidermal growth factor (EGF 0.5 mg) in distilled water (0.1 ml) 
was added. The mixture was cast as a film on polytetrafluoroethylene cloth, and the solvent was removed 
in a stream of nitrogen, in the dark. The film was dri d at 40*0 under reduc d pressure [0.013 mbar (0.01 
mm of mercuryll for 48 hrs. The film was th n compression moulded at 70^ for 10 seconds to an implant 
55 0.02 cm thick, weighing about 9 mg, A placebo implant was also pr pared. 
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The samples w re implant d subcutaneously into carotid cannulated guin a pigs, blood samples taken 
periodicaily and the plasma EGF levels w re measured by radio-immuno assay. 

Raised plasma EGF lev is were bs rved from Day 3 and continued f r at least 1 week. 

Simitar implants were prepared as described above, but using a poiylactide comprising equimolar 
5 proportions of D,L-lactic acid and glycolic acid units and having an intrinsic viscosity of 1.06. Compression 
moulding of this implant was done at 120''C. 

Implantation and plasma assays were done as described above, but raised plasma EGF levels were not 
observed until day 17 after implantation. 

/o Example 34 

A poiylactide comprising equimolar proportions of DX-tactic acid and glycolic acid units and having an 
inherent viscosity of 0.093 as a 1 g/100 ml solution in chloroform (40 mg) was dissolved in anhydrous-free 
glacial acetic acid (1 ml) and a solution of mouse epidermal growth factor (EGF, 8.15 mg) in a mixture of 
water (0.5 ml) and anhydride-free glacial acetic acid (3 ml) was added. The solution was freeze-dried for 24 
IS h. The resulting powder was then compression moulded at 50*C to give an implant 2 mmx2 mmx 10 mm 
weighing 36.1 mg. 

The sample was implanted subcutaneousty into a cannulated cat, blood samples were taken 
periodically and the plasma EGF levels were measured by radio-immuno assay. 

Raised plasma EGF levels were observed from day 3 and continued for at least 40 days. 

20 

Example 35 

Implants containing bovine prolactin were prepared as described in Example 20, but using 

(a) a poiylactide (400 mg) comprising equimolar proportions of 0,L-tactic acid and glycolic acid units 
and having a reduced specific viscosity (1 g/100 ml solution in chloroform) of 0.11, dissolved in 4 mi dioxan; 

2S and 

(b) a poiylactide (400 mg) comprising equimolar proportions of 0,L-lactic acid and glycolic acid units 
and having an intrinsic viscosity of 1.06 dissolved in 4 ml dioxan. This sample was moulded at IIO^C. 

Formulations (a) and (b) were each tested in vivo as described in Example 20. Formulation (a) released 
significant levels of plasma bovine prolactin from at least as eariy as day 4 and continued to release for at 
30 least 85 days, while formulation (b) released significant levels from at least as eariy as day 8 for at least 85 
days. 

aatms 

35 1. A pharmaceutical composition comprising a poiylactide, which is a polymer of lactic acid alone, a 
copolymer of lactic and glycolic acids, a mixture of such polymers, a mixture of such copolymers or a 
mixture of such polymers and copolymers, and an acid-stable polypeptide, which is not significantly 
hydrolysed under the conditions encountered within the composition during the period of use envisaged, 
which composition, when placed in an aqueous physiological-type environment, releases the polypeptide 

40 into the aqueous physiological-type environment in continuous manner, giving a release profile which is 
essentially monophasic, although it may have a point of inflection, but certainly has no "plateau" phase, 
over a period of at least one week; but excluding a composition in microcapsule form comprising at least 
one polypeptide which is a naturally occurring luteinising hormone releasing hormone (LH— RH), a 
synthetically prepared material of the same type or synthetically prepared analogues of naturally occurring 

4S LH — RH which act in some manner on the anterior pituitary gland to affect the release of luteinising 
hormone (LH) and follicle stimulating hormone (FSHI. 

2. A pharmaceutical composition, comprising a poiylactide, which is a polymer of lactic acid alone, a 
copolymer of lactic and glycolic acids, a mixture of such polymers, a mixture of such copolymers or a 
mixture of such polymers and copolymers, and an acid-stable polypeptide, which is not significantly 

50 hydrolysed under the conditions encountered within the composition during the period of use envisaged, 
which composition, when placed in an aqueous physiological-type environment, exhibits two successive 
phases of release of the polypeptide, the first phase being released by matrix diffusion and the second 
phase being released consequent upon degradation of the poiylactide, characterised in that the diffusion 
phase and the degradation-induced phase overlap in time, and release of polypeptide occurs over a period 

55 of at least one week; but excluding a composition in microcapsule form comprising at least one 
polypeptide which is a naturally occurring luteinising hormone releasing hormone (LH — RH), a 
synthetically prepared material of the same type or synthetically prepared analogues of naturally occurring 
LH— RH which act in some manner on the anterior pituitary gland to affect the release of luteinising 
hormone (LH) and follicle stimulating hormone (FSH). 

60 3. A pharmaceutical composition, comprising a poiylactide, which is a polymer of tactic acid alone, a 
copolymer of lactic and glycolic acids, a mixture of such polymers, a mixture of such copolymers or a 
. mixture of such polymers and copolymers, and an acid-stable polypeptide, which is not significantiy 
hydrolysed under the conditions encountered within the compositi n during the period of use nvisaged, 
which composition, wh n placed in an aqueous physiological-type environment, absorbs water in a 

65 continuous manner, giving a water absorptioa profile which is ssentially mon phasic, although it may 
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have a point of inflection, but certainly no "plateau" phase, until th polylacttde has been degrad d and 
essentially all f the polypeptide has been r leased into the aqueous physioiogical-typ nvironment, over 
a period of at least one we k; but excluding a composition in microcapsule form c mprising at least one 
polypeptide which is a naturally occurring luteinising hormone releasing hormone (LH— RH), a 
5 synthetically prepared material of the same type or synthetically prepared analogues of naturally occurring 
tH— RH which act in some manner on the anterior pituitary gland to affect the release of luteinising 
hormone (LH) and follicle stimulating hormone (FSH). 

4. A pharmaceutical composition as claimed in claim 1, 2 or 3 wherein the acid-stable polypeptide is 
oxytocin, vasopressin, adrenocorticotrophic hormone (ACTH), epidermal growth factor (EGF), prolactin, 

to luiiberin or luteinizing hormone releasing hormone <LH — RH), insulin, somatostatin, glucagon, interferon, 
gastrin, tetragastrin, pentagastrin, urogastrone, secretin, calcitonin, enlcephaltns, endorphins, 
angiotensins, renin, bradykinin, tyrocidin, gramrcidtnes, and synthetic analogues and modifications and 
pharmacologically-active fragments thereof. 

5. A pharmaceutical composition as claimed in claim 1, 2 or 3 wherein the polylactfde has a high degree 
75 of heterogeneity, in respect of glycolide-rich and lactide-rich molecules, as evidenced by the giycolic acid 

carbonyl carbon signal in the ^^C n.m.r. spectrum appearing as other than a pair of doublets, or of high 
polydisperstty. 

6. A pharmaceutical composition as claimed in claim 1, 2 or 3 comprising from 5 to 50% by weight of a 
polypeptide of molecular weight less than 2000 and from 50 to 95% by weight of a polylactide wherein the 

20 ratio of glycollde to lactide units is from 0.5 to 3, and which has an inherent viscosity of greater than 0.5 dl/g 
n g per 100 ml in chloroform or dioxan). 

7. A pharmaceutical composition as claimed in claim 1 , 2 or 3 comprising from S to 50% by weight of a 
polypeptide of molecular weight less than 2000, and from 50 to 95% by weight of a polylactide wherein the 
ratio of glycoltde to lactide units is from 0.2 to 3, and which has an inherent viscosity of 0.2 to 0.5 di/g (1 g 

2s PBT 100 ml in chloroform or dioxan). 

8. A pharmaceutical composition as claimed in claim 1, 2 or 3 comprising from 0.1 to 50% by weight of 
a polypeptide of molecular weight less than 2000 and from 50 to 99.9% by weight of a polylactide wherein 
the ratio of gtycolide to lactide units is from 0 to 3, and which has an inherent viscosity of less than 0.2 dt/g 
(1 g per 100 ml iii chloroform or dioxan). 

30 9. A pharmaceutical composition as claimed in claim 1 , 2 or 3 comprising from 10 to 50% by weight of a 
polypeptide of molecular weight 1 ,500 to 10,000 and from 50 to 90% by weight of a polylactide wherein the 
ratio of gtycolide to lactide units is from 0.5 to 3, and which has an inherent viscosity of 0.4 to 0.8 dl/g (1 g 
per 100 ml In chloroform or dioxan). 

10. A pharmaceutical composition as claimed in claim 1,2 or 3 comprising from 5 to 30% by weight of a 
35 polypeptide of molecular weight 1 ,500 to 10,000 and from 70 to 95% by weight of a polylactide wherein the 

ratio of glycoiide to lactide units is from 0.2 to 3, and which has an inherent viscosity of 0.1 5 to 0.4 dl/g (1 g 
per 100 ml in chloroform or dioxan). 

11. A pharmaceutical composition as claimed in claim 1, 2 or 3 comprising from 0.1 to 20% by weight 
of a polypeptide of molecular weight 1,500 to 10,000 and from 80 to 99.9% by weight of a polylactide 

40 wherein the ratio of glycofide to tactide units is from 0 to Z, and which has an inherent viscosity of less than 
0.15 dl/g {^ g per 100 ml in chloroform or dioxan). 

12. A pharmaceutical composition as claimed in claim 1, 2 or 3 comprising from 0.1 to 50% by weight 
of a polypeptide of molecular weight 8,000 to 30,000 and from 50 to 99.9% by weight of a polylactide 
wherein the ratio of glycoiide to lactide units is from 0 to 3, and which has an inherent viscosity of 0.15 to 

4S 0.4 dl/g (1 g per 100 ml In chloroform or dioxan). 

13. A pharmaceutical composition as claimed in claim 1, 2 or 3 comprising from 10 to 50% by weight of 
a polypeptide of molecular weight 8,000 to 30,000 and from 50 to 90% by weight of a polylacttde wherein 
the ratio of glycoiide to lactide units is from 0.7 to 3. and which has an inherent viscosity of 0.1 to 0.15 dl/g (1 
g per 100 ml in chloroform or dioxan). 

so 14. A pharmaceutical composition as claimed in claim 1, 2 or 3 comprising from 0.1 to 50% by weight 
of a polypeptide of molecular weight 8,000 to 30,000 and from 50 to 99.9% by weight of a polylactide, 
wherein the ratio of gtycolide to lactide units is from 0 to 3, and which has an inherent viscosity of less than 
0.1 dl/g (1 g per 100 ml in chloroform or dioxan). 

15. A pharmaceutical composition as claimed in claim 1, 2 or 3 comprising from 5 to 50% by weight of 

ss 1CI.1 18,630 

(Pyro-Glu-His-Trp-Ser-Tyr-D-SerfO-tBul-Leu-Arg-Pro-Azgly-NHa) 

and from 50 to 95% by weight of a polylactide wherein the ratio of glycoiide to tactide units is from 0.8 to 3, 
and which has an inherent viscosity of more than 0.5 dl/g (1 g per 100 ml in chloroform or dioxan). 
60 16* A pharmaceutical composition as claimed in claim 1, 2 or 3 comprising from 5 to 50% by weight of 
101.118,630 

(pyro-Glu-His-Trp-Ser-Tyr-D-Ser(0-tBu)-Leu-Arg-Pro-/\2gly-NH2) 

and from 50 to 95% by weight of a polylactide wherein the ratio of glycoiide to lactide units is from 0.2 to 3, 
es and which has an inherent viscosity of 0.2 to 0.5 di/g (1 g per 100 ml in chlor form or dioxan). 
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17. A pharmaceuticai c mp sition as claimed in claim 1, 2 or 3 comprising fr m 0.1 to 50% by weight 
of 101.118,630 

(pyro-GIu-His-Trp-Ser-Tyr-D-Ser(O-tBu)-L u-Arg-Pr -Azgly-NHa) 

5 

and from 50 to 99.9% by weight of a polylactide wherein the ratio of glycoiide to lactide units is from 0 to 3, 
and which has an inherent viscosity of less than 0.2 dl/g (1 g per 100 ml in chloroform or dioxan}. 

18. A pharmaceutical composition as claimed in claim 1, 2 or3 comprising from 10to50% by weight of 
epidermal growth factor or urogastrone and from 50 to 90% by weight of a polylactide wherein the ratio of 

10 glycoiide to lactide units is from 0.5 to 3, and which has an inherent viscosity of 0.4 to 0.8 dl/g (1 g per 100 
ml in chloroform or dioxan). 

19. A pharmaceutical composition as claimed in claim 1, 2 or 3 comprising from 0.1 to 50% by weight 
of epidermal growth factor or urogastrone and from 50 to 99.9% by weight of a polylactide wherein the 
ratio of glycoiide to lactide units is from 0 to 3, and which has an inherent viscosity of 0,15 to 0.4 dl/g (1 g 

f& per 100 ml in chloroform or dioxan). 

20. A pharmaceutical composition in the form of a suspension for injection comprising from 1 to 50% 
by weight of a solid formulation, which itself comprises from 0.1 to 50% by weight of an acid-stable 
polypeptide which is not signiftcantty hydrolysed under the conditions encountered within the composition 
during the period of use envisaged, and from 50 to 99.9% by weight of a polylactide wherein the ratio of 

20 glycoiide to lactide units is from 0 to 3 and which is either soluble in benzene and has an inherent viscosity 
(1 g/100 ml solution in benzene) of less than 0.5 dl/g or is insoluble in benzene and has an inherent viscosity 
{1 g/100 mt solution in chloroform or dioxan) of less than 4 dl/g which solid formulation has been reduced 
to fine particle size, together with from 50 to 99% by weight of a liquid carrier suitable for injection into 
mammals. 

25 21. A polymer containing lactic acid and optionally glycolic acid units comprising from 25 to 100% 
molar of lactic acid units and from 0 to 75% molar of glycolic acid units, and which has an inherent viscosity 
(1 g/100 ml solution in chloroform or dioxan) equal to or greater than 0.09 and an intrinsic viscosity equal to 
or less than 0.33. 

22. A process far the manufacture of a polymer or copolymer as claimed in claim 21 which comprises 
JO the ring-opening polymerisation of the cyclic dimer of the lactic acid, optionally in the presence of the cyclic 
dimer of glycolic acid, at elevated temperature in the presence of a polymerisation catalyst selected from 
the zinc oxide, zinc carbonate, basic zinc carbonate, diethyl zinc, organotin compounds, tributylalumlnium, 
titatium, magnesium or barium compounds or litharge, and In the presence of a chain-stopping agent. 

3S PatentansprQche 

1. Pharmazeuttsche Zusammensetzung, die enthalt: ein Polylactid, das ein Polymer von Mtlchsaure 
alleme, ein Copolymer von Milch- und GlycolsSure, ein Gemisch aus solchen Polymeren, ein Gemisch aus 
solchen Copolymeren oder ein Gemisch aus solchen Polymeren und Copolymeren ist, und ein 

40 saurestabiles Polypeptid, das unter den Bedtngungen, die innerhalb der Zusammensetzung wShrend der 
vorgesehenen Anwendungsdauer herrschen, nicht wesentlich hydrolysiert wird, wobei die 
Zusammensetzung, wenn sie In eine wSSrige Umgebung physiologischer Art gebracht wird, das 
Polypeptid wahrend etnas Zeitraums von mtndestens einer Woche in die wal^rtge Umgebung 
physiologischer Art In kontinuierifcher Weise mit einem Profil abgibt das im wesentli'chen monophasisch 

45 tst, zwar einen Wendepunkt aufweisen kann, aber keinesfalls eine "Plateau^'-Phase besitzt. wobei jedoch 
eine Zusammensetzung in Mikrokapseiform ausgeschlossen tst, die wenigstens ein Polypeptid enthait, das 
ein naturiich vorkommendes lutetnislerendes Hormon freisetzendes Hormon(LH— RH), ein synthetlsch 
hergestelltes Material des glelchen Typs oder synthetlsch hergestellte Analoge von naturiich 
vorkommendem LH— RH, die in irgendeiner Wetse auf die Hirnanhangsdruse einwirken, urn die 

50 Freisetzung von luteinisterendem Hormon (LH) und follikelstimulierendem Hormon (FSH) zu bewirken, ist. 

2. Pharmazeutische Zusammensettung, die enthalt: ein Polylactid, das ein Polymer von Milchsaure 
alleine, ein Copolymer von Milch- und Glycolsaure, ein Gemisch aus solchen Polymeren, ein Gemisch aus 
solchen Copolymeren oder ein Gemisch aus solchen Polymeren und Copolymeren ist, und ein 
sSurestabiles Polypeptid, das unter den Bedingungen, die innerhalb der Zusammensetzung wahrend der 

55 vorgesehenen Anwendungsdauer herrschen, nicht wesentlich hydrolysiert wird, wobei die 
Zusammensetzung, wenn sie in eine waftrige Umgebung physiologischer Art gebracht wird, zwei 
aufeinanderfolgende Phasen der Abgabe des Polypeptids zeigt von denen die erste Phase eine Abgabe 
durch Matrixdiffusion und die zweite Phase eine Abgabe als Folge des Abbaus des Polylact'ids ist dadurch 
gekennzeichnet, dafi die Diffusionsphase und die durch Abbau veranlaSte Phase sich zeitlich uberiappen 

60 und daS die Abgabe des Polypeptids wahrend eines Zeitraums von mindestens einer Woche erfolgt, wobei 
jedoch eine Zusammensetzung in Mikrokapseiform ausgeschlossen ist, die wenigstens ein Polypeptid 
enthalt, das ein naturiich vorkommendes, luteinisierendes Hormon freisetzendes Hormon (LH— RH), ein 
r synth tisch hergestelltes Material des gleichen Typs od r synthetlsch hergestellte Analoge von naturiich 
vorkomm ndem LH — RH, di in irg nd iner Weise auf die Himanhangsdruse einwirken, um die 

6$ Freisetzung von luteinisi rendem Hormon (LH) und f liikelstimulierend m Hormon (FSH) zu bewirken, ist. 
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3. Pharmazeutische Zusammensetzung, die enthait: ein Polylactid. das ein Polymer von Milchsaur 
alteine, in Copolymer von Milch- und Glycolsaure, ein Gemisch aus solchen Polymeren, ein Gemisch aus 
solchen Cop lymeren d r ein G misch aus solchen Polymeren und Copolymeren ist und ein 
saurestabiles Polypeptid, das unter den Bedingungen, die Innerhalb der Zusammensetzung wahr nd der 

5 vorgesehenen Anwendungsdauer herrschen, nicht wesentlich hydrolysiert wird, wobei die 
Zusammensetzung, wenn sie in eine wafirige Umgebung physiologischer Art gebracht wird, Wasser 
wahrend eines Zeitraums von mindestens einer Woche in kontinuierlicher Weise mit einem Profil 
absorbtert, das tm wesentlichen monophasisch ist, zwar einen Wendepunict aufweisen kann. aber 
keinesfalls eine "P(ateau"-Phase besitzt, bis das Potylactid abgebaut und tm wesentlichen das gesamte 

10 Polypeptid in die waftrige Umgebung physiologischer Art abgegeben worden ist, wobet jedoch eine 
Zusammensetzung in Mikrokapselform ausgeschlossen ist, die wenigstens ein Polypeptid enthait, das ein 
naturlich vorkommendes, lutetnisierendes Hormon freisetzendes Hormon <LH— RHh ein synthetisch 
hergestelltes Material des gleichen Typs Oder synthetiisch hergestellte Analoge von naturlich 
vorkommendem LH— RH, die in irgendeiner Weise auf die Hirnanhangsdruse einwirken, urn die 

fs Freisetzung von luteinisierendem Hormon (LH) udn foUikelstimulierendem Hormon (FSH) zu bewirken. ist. 

4. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 Oder 3, bei weicher das saurestabile 
Polypeptid aus Oxytocin, Vasopressin, adrenocorticotrophem Hormon (ACTH), epidermaiem 
Wachstumsfaktor lEGF), Prolactin, Luliberin oder Hormon, das iuteinisierendes Hormon abgibt (LH— RH), 
Insulin, Somatostatin, Glucagon, Interferon, Gastrin, Tetragastrin, Pentagastrin, Urogastron, Secretin, 

20 Calcitonin, Enkephalinen, Endorphinen, Angiotensinen, Renin, Bradykinin, Tyrocidin, Gramtcidinen und 
synthetischen Analogen und Modifikationen und pharmakologisch aktiven Fragmenten davon besteht 

5. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 oder 3, bei weicher das Polylactid einen 
hohen Grad von Heterogenitat htnsichtlich glycolidreicher und tactidreicher MolekOte, was durch das 
Auftreten des Gtycotsaure-Carbonylkohlenstoff-Signals im ^^C-NMR-Spektrum in anderer Form als einem 

2s Dublettenpaar angezetgt wird, oder eine hohe PolydispersitSt aufweist 

6. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 oder 3, welche 5 bis 50 Gew.-% eines 
Polypeptids mit einem Molekulargeicht von weniger ais 2000 und 50 bis 95 Gew*-% eines Polylactids 
enthatt, bei welchem das Verhaltnis von Glycolid- zu Lactideinheiten 0,5 bis 3 betragt und welches eine 
inharente Viskositit von mehr als 0,5 dt/g (1 g je 100 ml, in Chloroform oder Oioxan) besitzt 

30 7. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 oder 3, weiche 5 bis 50 Gew.-% eines 
Polypeptids mit einem Molekulargewtcht von weniger als 2000 und 50 bis 95 Gew.-% eines Polylactids 
enthait, bei welchem das Verhaltnis von Glycolid- zu Lactideinheiten 0,2 bis 3 betragt und welches eine 
mhSrente Viskosttit von 0,2 bis 0,5 dl/g (1 g je 100 ml, in Chloroform oder Dioxan) besitzt. 

8. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 Oder 3, welche 0,1 bis 50 Gew.-% eines 
55 Polypeptids mit einem Molekulargewicht von weniger als 2000 und 50 bis 99,9 Gew.-% eines Polylactids 

enthllt, bei welchem das VerhSltnis von Glycolid- zu Lactideinheiten 0 bis 3 betrSgt und welches eine 
inharente Viskositat von weniger als 0,2 dl/g (1 g je 100 ml, in Chloroform oder Dioxan) besitzt 

9. Pharmazeutische Zusammensetzung nach Anspruch 1« 2 oder 3, welche 10 bis 50 Gew.'% eines 
Polypeptids mit einem Molekulargewicht von 1500 bis 10 000 und 50 bis 90 Gew.-% eines Polylactids 

40 enthait, bei welchem das Verhiltnis von GlycoHd- zu Lactideinheiten 03 bis 3 batrSgt und welches eine 
inharente Viskositat von 0,4 bis 0,8 dl/g (1 g je 100 ml, in Chloroform oder Oioxan) besitzt. 

10. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 oder 3, welche 5 bis 30 Gew.-% eines 
Polypeptids mit einem Molekulargewicht von 1500 bis 10 000 und 70 bis 95 Gew.*% eines Polylactids 
enthSlt, bei welchem das Verhaltnis von Glycolid- zu Lactideinheiten 0,2 bis 3 betragt und welches eine 

45 inharente Viskositat von 0,15 bis 0,4 dl/g {1 g je 100 mi, in Chloroform oder Dioxan) besitzt, 

11. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 oder 3, welche 0,1 bis 20 Gew.-% eines 
Polypeptids mit einem Molekulargewicht von 1500 bis 10 000 und 80 bis 99,9 Gew.-% eines Polylactids 
enthatt, bei welchem das Verhaltnis von Glycolid* zu Lactideinheiten 0 bis 3 betragt und welches eine 
inharente Viskositat von weniger als 0,15 di/g (1 g je 100 ml, in Chloroform oder Dioxan) besitzt. 

so 12. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 oder 3, weiche 0,1 bis 50 Gew.-% eines 
Polypeptids mit einem Molekulargewicht von 8000 bis 30' 000 und 50 bis 99,9 Gew.-% eines Polylactids 
enthait, bei welchem das Verhaltnis von Glycolid- zu Lactideinheiten 0 bis 3 betragt und welches eine 
inharente Viskositat von 0,15 bis 0,4 di/g (1 g je 100 ml, in Chloroform oder Dioxan) besitzt. 

13. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 oder 3, welche 10 bis 50 Gew.-% eines 
55 Polypeptids mit einem Molekulargewicht von 8000 bis 30 000 und 50 bis 90 Gew.-% eines Polylactids 

enthait, bei welchem das Verhaltnis von Glycolid- zu Lactideinheiten 0,7 bis 3 betragt und welches eine 
inharente Viskosit§t von 0,1 bis 0,15 dl/g (1 g je 100 ml, in Chloroform oder Dioxan) besitzt. 

14. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 oder 3, welche 0,1 bis 50 Gew.-% eines 
Polypeptids mit einem Molekulargewicht von 8000 bis 30 000 und 50 bis 99,9 Gew.-% etnes Polylactids 

^ enthait. bei welchem das Verhaltnis von Glycolid- zu Lactideinheiten 0 bis 3 betragt und weiches eine 
inharente Viskositat von weniger als 0,1 di/g (1 g je 100 mi, in Chloroform oder Oioxan) besitzt. 

15. Pharmazeutische Zusammensetzung nach Anspruch 1, 2 oder 3, welche 5 bis 50 Gew.-% IC1 1 18 630 
65 (Pyro-GIu-His-Trp-S r-Tyr-D'Ser{0-t8u)-Leu-Arg-Pro-/^gly-NH2) 
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in Chloroform odr Di xaJ^besto '''''' ''"''"''^ V.stesi,itvonmehrals0,5dl/g(i g7°i?o,'? 
^ ^^•'''^^""«»"«^'=«^«2usammensetzungnachAnspruchl.2oder3,we.che5bis50Gew.^^ 
(Pyro-Glu-His-Trp-Ser-Tyr-D-SeriO-tBuJ-Leu-Arg-Pro-Argly-NHj) 

SdliiLnl^^S^^^^^^ «las Verhaltnls von G.ycolid- .u 

,0 Chloroform oder Dioxan) besiw. -nn-renw v.sKos.tat von 0,2 bis 0,5 dl/g (i 

gjelOOml, in 

118 eJo'''^""'"''''*'^ Zusammensetzung nach Anspruch 2 oder 3. welche 0,1 bfs 50 Gew.-% ICI 

(Pyro-Glu-His-Trp-Ser-Tyr.D-Ser(0-tBu)-Leu-Arg-Pro-Azgly.NH,) 

ul'efnh'Sten'lfbiS^^^^^ ^as Verhi.tnls von G.yco.ld- .u 

in Chloroform oder Dioxan) besitT V.skos.tat von wenigerals 0,2 dl/g (1 g % 100 ml, 

epidLa7e"SSSrer?S^^^^^^^^^ I "''^^ ^° '""^ ^0 Gew.-% 

welchem das Verhalmis von Glycolid- ^^SSlnheiten 5 5 Wsl^;? f "'h ''"'/'^'^'''^ 
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in Du . 9 Je luo mr, n Chloroform oder Dinvani h«^i»^ "».oieute 

20. Pharmazeutische ZusammenseLnn i^Cnll i^^ e °*'s^D'o«n) besitrt 

Qew..% einerfesten Fo^ulS^^ng! dlS^^^^^^^ «"*altend 1 bis 50 

unter den Bedingungen, die inne^sJb Hor ^ ! ^•''^ saurestabilen Polypeptids, das 

Anwendungsdauer^errfiS^^ der /orgLeh^nen 

enUialt, bei welchem das Verhaltnis von GlySd- zu uJSSlt«^ bis 99,9 Gew.-% eines Polylactids 

in Benzol Idslich ist und eine inhSrente vE it n^o ie^oo mn « " ° V^^^^ *^«"=''es entweder 

besitzt Oder in Benzol unloslich ist unS S°Sente ViiJosSt fl^ ISn^^ ^"'^^^ "'^ -^l/g 

Dioxan) von weniger als 4 dl/g besitzt wobe" die fest« p!»^.^.^^^ ^ ' '-"^""S Ch'oroform oder 

wordenlstzusammenmitSoLslSv^^SelJesSSSn^^^^ 

21. Polymer aus MilchsSur*. und geaebenenS 

MnchsSureelnheitenund0bis75Mol%GrySsr^^^^ 25 bis 100 Mo\% 

II g je 100 ml Lfisung in Chloroform oderEan) 5 0?X m^^^^ IT* ^iskositat 
0,33 Oder weniger besitzt 'ntrinsische VislcositSt von 

cycliS,r£'e7:oShl5S^^^^^^ 21. bei welchem das 

emer erhdhten Temperatur in Gea3art ainlL ^^''-^^^ 

ankcarbonat,basischemZlntea?boSrSiSz^^^^ '^"^ Zi^^xiU 

IWagnesium- oder Bariumverbindunaen odef bL^^^ Tributylaiuminium, Titan-. 

Kettenabbruchmittels der ringaf?ntZ%otmaSan"L^^^^^^ ""'^ ^^^--^^ 



Rttvendications 



5a 



55 



50 



55 



seul, uJ3yS™ dirndl SreTdTa^^^^^^^^^ "".'^^ P°'V--a ''acide lactique 

de ces copolymSres ou un m^Wde c^^^^^^^ un melange de ces polym^res. un meiangi 

qui n'est pas notablement hyd^e dan7,L°condtions aSu«7i«?; ^ble aux acides, 

periode d'utilisation envisag6e, composSau "lors^^^^^^ ? composition est exposee pendant la 

type physiologique, libera le po^P^pS d^s S^iLm^^^^^^^^^^^ 

manidre continue, en donnantSnpEe liSrLon a^^^^^^ ,f Physiologique d'une 

qu'il puisse avoir un point d1nfle;don mais ne comorp^^^^ essentiellement une seule phase, bien 

p6riode d'au moins une semaini SiH t^clus^HW a^^une phase en "palier", en une 

comprenant au moins un pXtptWe qui eTunrho™"".^^-^ microcapsules 
naturelle, une mati^re du mSme ^Je D%Dar^^^^^ l.berant I'homione luteinisante (LH-RH) 
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periode d'utilisation nvisagde, composition qui, I rsqu'eile st placee dans un environnement aqueux de 
type physiologique, presente deux phases successives de liberation du polypeptide, la premiere phase 
etant la liberation par diffusion dans la matric et la seconde phase etant la liberation consecutive a la 
degradation du p fylactid , caracterts 'e en ce que le phas de diffusion et la phase induite par d 'gradation 

5 se recouvrent dans le temps^ et la liberation du polypeptid a lieu au cours d'un periode d'au moins une 
semaine; mais b I'exclusion d'une composition sous forme de microcapsules comprenant au moins un 
polypeptide qui est une hormone liberant Thormone luteinisante (LH — RH) naturelle, une matidre du mdme 
type, preparee par synthese* ou des analogues, prepares par synthese, de Thormone LH— AH naturelle qui 
agissent d'une certaine manidre sur le lobe anterieur de Thypophyse pour effectuer la liberation de 

JO I'hormone luteinisante (LH) et de la gonadotrophine A (FSH). 

3. Composition pharmaceutique, comprenant un polytacttde qui est un potymere de Tacide lacttque 
seul. un copolymere de I'acide lactique et de t'acide giycolique, un melange de ces polymeres, un melange 
de ces copolymeres ou un melange de ces polymeres et copolymeres, et un polypeptide stable aux acides, 
qui n'est pas notabiement hydrotyse dans les conditions auxquelles la composition est exposee pendant la 

;5 periode d'utilisation envisagee, composition qui, lorsqu'elle est placee dans un environnement aqueux de 
type physiologique, absorbe de Teau d'une maniera continue en donnant un profil d'absorption de Teau 
qui comprend essentiellement une seule phase, bien qu'it puisse avoir un point d'inflexion, mais ne 
comprend d coup sur aucune phase en ''paiier", jusqu'd ce que le potylactide ait ete degrade et qu'il ait ete 
essentiellement en totalite libera dans renvironnement aqueux de type physiotogique, en une periode d'au 

20 moins une sematne; mais e I'exctusion d'une composition sous forme de microcapsules comprenant au 
moins un polypeptide qui est une hormone liberant I'hormone luteinisante (LH — RH) naturelle, une matiere 
du m§me type preparee par synthese ou des analogues, prepares par synthese, de LH— RH naturelle qui 
agissent d'une certaine mani§re sur le lobe anterieur de I'hypophyse en effectuant la liberation de 
I'hormone luteinisante (LH) et de la gonadotrophine A (FSH). 

25 4. Composition pharmaceutique suivant la revendication 1, 2 ou 3, dans laquelle le polypeptide stable 
aux acides est I'oxytocine, la vasopressine, I'hormone adrenocorticotrope (ACTH), le facteur de croissance 
epidermique (EGF), la prolactine, la luliberine ou I'hormone liberant I'hormone luteinisante (LH — RH), 
t'insuline, la somatostatine^ le glucagon, I'tnterferon, la gastrine, la tetragastrine. la pentagastrine, 
I'urogastrone, la secretine, la calcitonine, les encephaiines, les endorphines, les angiotensines, la renine, la 

30 bradykinine, la tyrocidine, les gramicidines et leurs analogues et modifications synthetiques et leurs 
fragements phamiacologiquement actife. 

5. Composition pharmaceutique suivant la revendication 1, 2 ou 3, dans laquelle te polytacttde a un 
haut degre d'heterogeneite par rapport aux molecules riches en glycolide et nches en lactide, comme mis 
en evidence par le signal du carbone de carbonyle de I'acide glycolique dans te spectre de resonance 

35 magnetique des noyaux de ^'C apparatssant autrement que comme une paire de doublets, ou une haute 
polydispersite. 

6. Composition pharmaceutique suivant la revendication 1, 2 ou 3, comprenant 5 ^ 50% en poids d'un 
polypeptide de poids moieculatre inferieur d 2000 et 50 d 95% en poids d'un potylactide dont le rapport des 
motifs glycolide aux motifs lactide va de 0,5 d 3 et qui a une viscosite intrinseque superieure b 0,B dt/g (1 

40 g/100 ml dans te chloroforme ou le dioxanne). 

7. Composition pharmaceutique suivant la revendication 1, 2 ou 3, comprenant 5 b 50% en poids d'un 
polypeptide de poids motecutaire inferieur d 2000 et 50 e 95% en poids d'un potylactide dont le rapport des 
moti^ glycolide aux motifs lactide va de 0,2 d 3 et qui a une viscosite intrinseque de 0.2 k 0,5 dl/g (1 g/100 
ml dans le chloroforme ou le dioxanne). 

4S B, Composition pharmaceutique suivant la revendication 1, 2 ou 3, comprenant 0,1 d 50% en poids d'un 
polypeptide de poids moieculaire inferieur d 2000 et 50 d 99,9% en poids d'un polylactide dont le rapport 
des motifs glycolide aux motifs lactide va de 0 e 3 et qui a une viscosite intrinseque inferieure h 0,2 dt/g (1 
g/100 ml dans te chloroforme ou le dioxanne). 

9. Composition pharmaceutique suivant la revendication 1, 2 ou 3, comprenant 10 a 50% en poids d'un 
so polypeptide de poids moieculaire allant de 1500 a 10 000 et 50 a 90% en poids d'un polylactide dont le 

rapport des motifs glycolide aux motifs lactide va de 0,5 a 3 et qui a une viscosite intrinseque de 0,4 d 0,8 
dl/g (1 g/100 ml dans le chloroforme ou le dioxanne). 

10. Composition pharmaceutique suivant la revendication 1, 2 ou 3, comprenant 5 a 30% en poids d'un 
polypeptide de poids moieculaire allant de 1500 ^ 10 000 et 70 a 95% en poids d'un polylactide dont le 

55 rapport des motifs glycoside aux motifs lactide va de 0,2 ^ 3 et qui a une viscosite intnnseque de 0.15 a 0,4 
dl/g (1 g/100 ml dans le chloroforme ou le dioxanne). 

11. Composition pharmaceutique suivant la revendication 1, 2 ou 3, comprenaht 0,1 a 20% en poids 
d'un polypeptide de poids moieculaire compris entre 1500 et 10 000 et 80 a 99,9% en poids d'un polylactide 
dont le rapport des motifs glycolide aux motifs lactide va de 0 a 3 et qui a une viscosite intrinseque 

60 inferieure a 0,15 dl/g (1 g/100 ml dans le chloroforme ou le dioxanne). 

12. Composition pharmaceutique suivant la revendication 1, 2 ou 3, comprenant 0,1 k 50% en poids 
d'un polypeptide de poids moieculaire compris entre 8000 et 30 000 et 50 a 99,9% en poids d'un polylactide 
dont le rapp rt des motifs glyc tide aux motifs lactide va de 0 e 3, et qui a une viscosite intrinseque d 0,1 5 
a 0,4 dl/g (1 g/100 ml dans le chloroform ou )e dioxanne). 

65 13. Composition pharmaceutique suivant ta revendication 1, 2 ou 3, comprenant 10 a 50% en poids 
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d'un polypeptide de poids moleculaire compris entre 8000 et 30 000 et 50 a 90% en poids d'un polylactide 
dont I rapport des motifs giycolide aux motifs lacttde va de 0 J d 3. et qui a una viscosite intrinseque de 0,1 
h 0,15 di/g (1 g/100 ml dans le chloroforms ou )e dioxanne). 

14. Composition pharmaceutique suivant la revendication 1, 2 ou 3, comprenant 0.1 a 50% en poids 
5 d'un polyp ptide de poids mol^ulaire compris entre 8000 et 30 000 et 50 ^ 993% en poids d'un p lylactide 

dont )e rapport des motifs gtycoiide aux motifs iactrde va de 0 ^ 3 et qui a une viscosite intrinseque 
inferieuro a 0.1 dl/g (1 g/100 ml dans le chloroforme ou fe dioxanne). 

15. Composition pharmaceutique suivant (a revendication 1. 2 ou 3. comprenant 5 a 50% en poids de 
ICI.118630 

(Pyro-GIU'His-Trp-Ser-Tyr-D-Se(0-tBu)-Leu-Arg-Pro-Azgly-NH2) 

et 50 a 95% en poids d'un polylactide dont le rapport des motifs gtycoHde aux motifs lactide va de 0,8 a 3 et 
qui a une viscosite intrinsdque de plus de 0.5 dl/g (1 g/100 ml dans le chloroforme ou le dioxanne). 
J5 16. Composition pharmaceutique suivant la revendication 1, 2 ou 3, comprenant 5 d 50% en poids de 
ICL118 630 

(Pyro-Glu-His-Trp-Ser-Tyr-D-Ser(0-tBu)-Leu-Arg-Pro-A2gly-NH2) 

20 et 50 k 95% en poids d'un polylactide dont le rapport des motifs giycolide aux motifs lactide va de 0,2 a 3 et 
qui a une viscosite intrinseque de 0.2 d 0.5 dl/g (1 g/100 mt dans le chloroforme ou ie dioxanne). 

17. Composition pharmaceutique suivant la revendication 1. 2 ou 3. comprenant 0,^ d 50% en poids de 
ICIJ18 630 

25 (Pyro-Glu-His-Trp-Ser-Tyr-D-Ser(0-tBu)-Leu-Arg-Pro-Azgly-NH2) 

et 50 k 99.9% en poids d'un polylactide dont le rapport des motifs giycolide aux motifs lacttde va de 0 a 3 et 
qui a une viscosite intrinseque inferieure a 0.2 dl/g {1 g/100 ml dans le chloroforme ou le dioxanne). 

18. Composition pharmaceutique suivant la revendication 1, 2 ou 3. comprenant 10 k 50% en poids de 
JO facteur de croissance epidermique ou d'urogastrone et 50 d 90% en poids d'un polylactide dont le rapport 

des motifs giycolide aux motifs lactide va de 0.5 e 3 et qui a une viscosite intrinseque de 0.4 a 0.8 dt/g (1 
g/100 ml) dans le chloroforme ou le dioxanne). 

19. Composition pharmaceutique suivant la revendication 1, 2 ou 3, comprenant 0,1 e 50% en poids de 
facteur de croissance epidermique ou d'urogastrone et 50 d 99.9% en poids d'un polylactide dont le rapport 

36 des motifs giycolide aux motifs lactide va de 0 e 3 et qui a une viscosite intrtnsdque de 0.15 h 0.4 dl/g (1 
g/100 mt dans le chloroforme ou le dioxanne). 

20. Composition pharmaceutique sous la forme d'une suspension injectable, comprenant 1 k 50% en 
poids d'une formulation solide qui comprend elle-meme 0.1 a 50% en poids d'un polypeptide stable aux 
acides qui n'est pas notablement hydrolyse dans tes conditions subies au sein de la composition pendant la 

40 periode de {'utilisation envisagde. et 50 h 99.9% en poids d'un polylactide dont le rapport des motifs 
gtycoiide aux motifs lacttde va de 0 a 3 et qui est soluble dans te benzene et a une viscosite intrinseque (1 
g/100 ml en solution dans le benzene) de moins de 0,5 dt/g ou qui est insoluble dans le benzene et qui a une 
viscosite intrinseque 0 g/100 ml en solution dans le chloroforme ou le dioxanne) de moins de 4 dl/g, cette 
formulation sol tde ayant ete reduite en fines panicules, en association avec 50 e 99% en poids d'un support 

48 liquide qui convient pour Tinjection k des mammiferes. 

21. Polymere contenant des motifs d'actde lactique et te cas echeant des moti^ d'acide glycolique, 
comprenant 25 k 100 moles % de motifs d'acide lactique et 0 e 75 moles % de motifs d'acide glycolique. et 
ayant une viscosite intrinseque (1 g/100 ml en solution dans le chloroforme ou le dioxanne) egale ou 
superieure e 0,09 et une viscosite intrinseque egale ou inferieure a 0,33. 

50 22. Procede de production d'un polymere ou copolymere suivant la revendication 21. qui comprend la 
polymerisation par decyclisation du dimere cyctique de I'acide lactique. eventuellement en presence du 
dimere cycltque de I'acide glycolique, a une temperature eievee en presence d'un catalyseur de 
polymerisation choisi entre I'oxyde de zinc, te carbonate de zinc, te carbonate de zinc bastque. le 
diethyizinc, des composes organiques d'etain. le trtbutylaluminium. des composes de titane de 

55 magnesium ou de baryum ou la litharge, et en presence d'un agent de terminaison de chatne. 
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